Hormonal Effects on Sebaceous Glands in the White Rat II. The Effect of the Pituitary-Adrenal Axis1 by Lasher, Nancy et al.
HORMONAL EFFECTS ON SEBACEOUS GLANDS IN THE WHITE RAT
II. THE EFFECT OF THE PITUITARY-ADRENAL AxIs*
NANCY LASHER, B.A., ALLAN L. LORINCZ. M.D. AN!) STEPHEN ROTHMAN, M.D.
In a previous paper by Haskin, Lasher and Rothman (1) a technic, by
which variations in size of rat sebaceous glands could be accurately determined,
was described and the influences of corticotropin, cortisone, progesterone and
testosterone on sebaceous gland volume in ovariectomized white rats were
reported. Of these hormones progesterone as well as testosterone was found to
be a highly potent sebaceous gland hyperplasia inducing factor.
This present report represents an extension of these previous studies which
were aimed at re-evaluating and extending our knowledge about hormonal
influences on sebaceous glands. In the current experiments attempts were made
to further study the sebaceous gland stimulating effects of the two hormones,
progesterone and testosterone, particularly in relation to the pituitary-adrenal
axis.
MATERIALS AND METHODS
In a first series of experiments, four groups of mature ovariectomized Sprague-
Dawley rats were used. In three of these four groups, hypophysectomy and
bilateral adrenalectomy were also done. After a five week post-operative re-
covery period with maintenance on a special diet of saline, dog food, milk, or-
anges, hamburger buns and cornmeal, initial skin biopsies were taken from
the dorso-lateral region of individually labelled survivors numbering from 5 to 8
animals in each group. The animals used were in random phases of the hair
cycle. Each group of animals was then given daily subcutaneous injections of
1 mgm. per rat of specified hormone in oil or the oil vehicle alone for three weeks.
The group with only ovaries removed was given progesterone and the other
groups received respectively testosterone, progesterone, and oil vehicle alone.
After the three week period of injections, repeat biopsies were taken from sites
symmetrical to the sites of the initial biopsies.
The biopsy specimens were mounted on thin boards, fixed in 10% formalin
and prepared by routine paraffin technic. Thirty to forty serial sections, 10
micra in thickness, were cut from each block and stained with hematoxylin and
eosin. Uniform handling of tissues was maintained throughout.
The sections were projected to provide one thousand-fold magnification.
Individual sebaceous gland alveoli were then followed throughout their entirety
in the serial sections and tracings were made of their outlines as they appeared
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in consecutive sections. Cross-sectional areas were then determined by pla-
nimetry, permitting calculation of the approximate volume of individual glands.
Six glands which were complete within the set of serial sections and free from
accidental trauma were chosen at random from each biopsy specimen for measure-
men t.
In a second series of experiments, the relative effects of hypophysectomy alone
and adrenalectomy alone in relation to size of sebaceous glands and the stimu-
lating effects of progesterone and testosterone were studied in ovariectomized rats.
Five groups of rats were used. Three of these groups were subjected to bilateral
adrenalectomy only and the two others to hypophysectomy only. The experi-
mental procedure was then similar to that already outlined for the first series of
experiments. The hormones or control injections given to each group of animals
in this series of experiments were as indicated in Figure 2.
RESULTS AND COMMENTS
The experimental data are charted in Figures 1 and 2. Results are expressed
in terms of percentage change in average gland volume in the post-treatment
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FIG. 1. Changes in sebaceous gland volume in first series of experiments
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skin specimen as compared with the specimen taken before treatment. Dotted
lines indicate results in individual animals and solid lines the averages.
In the first series of experiments, the average sebaceous gland volume increase
in the progesterone treated animals with their pituitaries and adrenals intact was
154% whereas in the group lacking adrenals and pituitaries, there was an average
decrease of 26% which was essentially the same as the 23 % decrease in the
control group of triple operated animals given corresponding injections of the oil
vehicle alone. The previously demonstrated stimulating effect of testosterone on
sebaceous glands (1) (see also Fig. 3) was also strikingly impaired though not
abolished as a result of removal of the pituitary-adrenal axis.
Thus, in the absence of the pituitary and adrenals, sebaceous gland volume
decreases and the stimulating effect of progesterone on sebaceous gland growth
is entirely lost while the similar effect of testosterone is greatly reduced.
In the second series of experiments the group with intact adrenals but lacking
pituitaries showed the same decrease in sebaceous gland volume as did the
hypophysectomized plus adrenalectomized animals. No matter whether proges-
terone or only oil vehicle was given, this atrophy was not altered. In the animals
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Fin. 2. Changes in sebaceous gland volume in second series of experiments
* Previous data (1).
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Fm. 3. Summary of average changes in sebaceous gland volume after administration of
progesterone and testosterone in various endocrine situations.
whose adrenals were removed but whose pituitaries were left intact, progesterone
did have a moderate stimulating effect or sebaceous glands. In another group of
similar animals, testosterone had a more pronounced stimulating effect than was
the case when this same hormone was given to animals lacking pituitaries as
well as adrenals—i.e. an average increase of 179% as compared with 53 %.
Figure 3 summarizes in graphic form the results of these experiments. All
the results point towards a decisive influence of hypophysectomy on the well-
established stimulating effect of testosterone and progesterone on sebaceous
glands. By way of analogy, a similar negating effect of hypophysectomy on
testosterone stimulation of the prostate gland has recently been noted (2).
At the present time experiments are under way to try to substitute for the
pituitary supporting effect on sebaceous glands with single pituitary factors such
as growth hormone, corticotropin, prolactin, and gonadotropic hormones.
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SUMMARY
In ovariectomized mature white rats (1) removal of the pituitary-adrenal axis
leads to sebaceous gland atrophy which cannot be counteracted by progesterone,
an otherwise potent hyperplasia-inducing factor for rat sebaceous glands, (2)
hypophysectomy alone also results in sebaceous gland atrophy which cannot be
counteracted by progesterone whereas adrenalectomy alone leads to a lesser
sebaceous gland atrophy which can partially be overcome with progesterone, and
(3) sebaceous gland stimulating effects of testosterone in similarly operated
animals are reduced in parallel fashion to progesterone effects but to a lesser
extent.
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DISCUSSION
DR. MARION B. SIJLZBERGER, New York City, N. Y.: First of all I would like
to say that this is a beautiful piece of work. One of the hypotheses which it pre-
sents, and which, as mentioned, seems to be the one most likely to prove true is
that the atrophy which is produced by the removal of the pituitary glands simply
cannot be overcome by either the progesterone or testosterone administration.
Still another possibility which comes to mind, but which I think is more
remote, is that the presence of the pituitary and its products is required in order
to transform the progesterone or testosterone, particularly the progesterone,
into an active principle, into something which is the active agent which acts
directly or indirectly upon the pilo-sebaceous structures; and that this trans-
formation does not take place in the absence of the pituitary. There are probably
also other hypotheses which I am sure have occurred to the presenters.
The implications of these findings in relation to female acne have been dis-
cussed previously; for instance at the meeting of this Society last year.
Perhaps you will nevertheless permit me to review the implications briefly.
Formerly I used to teach our students, as follows: 1. that the male individual's
acne vulgaris was probably induced by testosterone or by an imbalance, an
overbalance of testosterone over estrogenic or female sex hormones. I then went
on to teach that in acne of the female this explanation could not hold because the
testicular androgen, testosterone, was not present in the normal female; and that
in the female with acne it was probably the adrenocortical androgenic steroids
which were then responsible for eliciting the pilosebaceous disease. Foolish as I
was, I did not at the time realize the fundamental fallacy in such teaching,
namely, that eunuchs don't get acne despite the fact that eunuchs have, as far
as we know, just as much of the adrenocortical androgenic steroids as non-
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castrated males. It would appear unlikely that it is the adrenocortical androgenic
steroids which elicit acne in the female, because otherwise the eunuch would
probably also get acne from his adrenocortical steroids—which he does not. So
the idea that it is some other steroid hormone, possibly progesterone, which in the
female takes the place of the male testosterone in eliciting acne seems to be
theoretically the most appealing one. The experiments reported today and others
submitted previously by Rothman and co-workers are very strong additional
supportive evidence for this new idea.
DR. THEODORE CORNBLEET, Chicago, Ill.: I had occasion to hear this fine
paper once before and at that time remarked that an unexplained and apparent
contradiction exists here in that progesterone levels lower and come to zero at
the end of the menstrual cycle, yet acne in most young women seems to flower at
precisely that time. It may be that the size of the follicle and its opening
participate in the general shrinkage with the sebaceous gland. With the pituitary-
adrenal axis inactive, progesterone was impotent in its stimulatory activities on
sebaceous gland. Perhaps the adrenal merely potentiates progesterone action, to
be proved only by augmenting the amount of progesterone used in the experiment
where the pituitary-adrenal are by-passed.
DR. FREDERICK KALZ, Montreal, Canada: This paper was both interesting
and stimulating and I should like to discuss some points.
Firstly, the question of the acne producing properties of progesterone in man:
We have been interested to see whether there was any correlation between pre-
menstrual exacerbations of acne and ovulation. We have, over a period of years,
observed eleven cases of severe acne in non-ovulating women in whom no urinary
pregnandiol was recovered premenstrually.
Secondly, the question of progesterone therapy: We have noted that high
dosage of this hormone may cause exacerbations, while low dosage (5 units,
2—3 injections, given iii 3 day intervals premenstrually) resulted in clinical
improvement and abolishment of the premenstrual flare, in some cases; exacer-
bations were not seen in this dosage.
Thirdly, the question of local application of progesterone.
We have been applying progesterone in ointment bases unilaterally to normal
skiii on back of volunteers. No increase in size or number of sebaceous glands
was seen after four weeks, as compared to the control site.
Unilateral application of progesterone ointment in acne patients, however,
resulted in a certain percentage of test subjects in considerable improvement,
while the control side remained unchanged. In other patients no difference
between right and left was noted and we have not found, so far, what type
of patients may be expected to react to this form of therapy.
DR. STEPHEN ROTHMAN, (in closing): I was very much interested in what Dr.
Kalz has said about the effect of small doses. There is a good possibility of a
biphasic action. Biphasic action of estrogens on sebaceous glands in the opposite
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order was demonstrated by Bullough and Ebling in England. Possibly proges-
terone also has a biphasic effect. Still, I wonder whether the therapeutic effect
of small doses of progesterone were marked enough to be reproduced in photo-
graphs. That progesterone is likely to provoke acne rather than to improve it is
borne out in a recent publication of Aron-Brunetiere in the last issue of the
British Journal of Dermatology and by the clinical experience that patients with
lipid cell tumors of the ovaries (luteomas) develop acne which disappears after
removal of the tumor (Sellye, H.: Textbook of Endocrinology. Montreal, 1949).
Our experiments strongly support the view, as Dr. Sulzberger has pointed out,
that in females the physiological stimulus for pubertal development of sebaceous
glands is the corpus luteum hormone.
DR. ALLAN L. LORINCZ (in closing): In answer to the points raised by Dr.
Cornbleet, progesterone in doses ten times larger than shown on the graph also
failed to overcome the effect of hypophysectomy on sebaceous glands; as con-
cerns the lack of strict correlation between levels of circulating progesterone and
flare-ups of acne during the menstrual cycle, it must be kept in mind that during
this cycle not only progesterone levels change but also those of various other
hormones such as pituitary factors and estrogens and that there is a complex
interplay between the effects of these factors on various end organs. We have
shown, for instance, the presence of some pituitary factor that is necessary for
the maintenance of sebaceous glands. We have even been led to speculate about
the role that this pituitary factor might play in the marked cases of seborrhea
associated with mid-brain lesions and post-encephalitic Parkinsonism.
